In this article we present a class of relativistic solutions describing spherically symmetric and static anisotropic stars in hydrostatic equilibrium. For this purpose, we consider a particularized metric potential, namely, Buchdahl ansatz [1] which encompasses almost all the known analytic solution to the spherically symmetric, static Einstein equations with a perfect fluid source, including in particular the Vaidya-Tikekar and Finch-Skea. We here developed the model by considering anisotropic spherically symmetric static general relativistic configuration that played a significant effect on the structure and properties of stellar objects. We have considered eight different cases for generalized Buchdahl dimensionless parameter K, and analyzed in an uniform manner. As a result it turns out that all the considered cases are valid at any point in the interior spacetime. In addition to this, we show that the model satisfies all the energy conditions and maintain hydrostatic equilibrium equation. In the frame work of anisotropic hypothesis, we have selected appropriate models that have been tested against astrophysical compact stellar objects to restrict the model arbitrariness. Despite the simplicity of this model, the obtained results are satisfactory.
I. INTRODUCTION
In astrophysics, studying the structural properties and formation of compact objects such as neutron stars (NSs) and quark stars (QSs), have attracted much attention to the researchers in the context of General Relativity (GR), as well as widely developing modified theories of gravity. Crudely, compact stars are the final stages in the evolution of ordinary stars which become an excellent testbeds for the study of highly dense matter in an extreme conditions. In recent times a number of compact objects with high densities have been discovered [2] , which are often observed as pulsars, spinning stars with strong magnetic fields. Our theoretical understanding about compact star is rooted in the Fermi-Dirac statistics, which is responsible for the high degeneracy pressure that holds up the star against gravitational collapse was proposed by Fowler in 1926 [3] . Shortly afterwards, using Einstein's special theory of relativity and the principles of quantum physics, Chandrasekhar showed that [4, 5] white dwarfs are compact stars which is supported solely by a degenerate gas of electrons, to be stable if the maximum size of a stable white dwarf, approximately 3 × 10 30 kg (about 1.4 times the mass of the Sun).
As of today, there is no comprehensive description of extremely dense matter in a strongly interacting regime. A possible theoretical description of such nuclear matter in extreme densities may consist not only of leptons and nucleons but also several exotic components in their different forms and phases such as hyperons, mesons, baryon resonances as well as strange quark matter (SQM). Therefore, a real composition of matter distribution in the interior of compact objects remains a question for deeper examination. The most general spherically symmetric matter distribution usually thought to be an isotropic fluids, because astrophysical observations support isotropy. A possible theoretical algorithm was proposed by Fodor [6] that can generate any number of physically realistic pressure and density profiles for isotropic distributions without evaluating integrals.
On one hand, when densities of compact objects are normally above the nuclear matter density, one can expect the appearance of unequal principal stresses, the so-called anisotropic fluid. This usually means that two different kind of pressures inside these compact objects viz., the radial pressure and the tangential pressure [7] . This leads to the anisotropic condition that radial pressure component, p r is not equal to the components in the transverse directions, p t . This effect was first predicted in 1922 by J.H. Jeans [8] for self-gravitating objects in Newtonian regime. Shortly later, in the context of GR, Lema∩itre [9] had also consider the local anisotropy effect and showed that one can relax the upper limits imposed on the maximum value of the surface gravitational potential. Ruderman [11] gave an interesting picture about more realistic stellar models and showed that a star with matter density (ρ > 10 15 gm/cc), where the nuclear interaction become relativistic in nature, are likely to be anisotropic.
The inclusion of anisotropic effect on compact objects was first considered by Bowers and Liang [10] in 1974. They studied static spherically symmetric configuration and analyzed the hydrostatic equilibrium equation, modified from of it's original form to include the anisotropy effects. Moreover, they provided the results by making comparison with the stars filled with isotropic fluid. Heintzmann and Hillebrandt [12] have investigated neutron star models at high densities with an anisotropic equation of state, and found for arbitrary large anisotropy there is no limiting mass for neutron star. Though the maximum mass of a neutron star still lies beyond 3-4 M . A lot of works have been carried out in deriving new physical solutions with interior anisotropic fluids. Herrera and Santos [7] reviewed and discussed about possible causes for the appearance of local anisotropy in self gravitating systems with an examples in both Newtonian and general relativistic context. In [13] , a class of exact solutions of Einstein's gravitational field equations have been put forward for the existence of anisotropy in star models. In addition above Harko and his collaborators [14] [15] [16] [17] [18] have done some significant work on anisotropic matter distribution. For new exact interior solutions to the Einstein field equations, Chaisi and Maharaj [19] have studied the gravitational behaviour of compact objects under strong gravitational fields. Very recently an analysis based on the linear quark EoS for finding the equilibrium conditions of an anisotropically sustained charged spherical body has been revisited by Sunzu et al [20] . The studies developed in [21] [22] [23] [24] form part of a quantity of works where the influence of the anisotropic effect on the structure of static spherically symmetric compact objects are analyzed. In favour of anisotropy Kalam et al [25] have developed a star model and showed that central density depends on anisotropic factor. For recent investigations, there have been important efforts in describing relativistic stellar structure in [26] [27] [28] [29] .
On the other hand, spherical symmetry also allows more general anisotropic fluid configuration with an EoS. In fact, if the EoS of the material composition of a compact star is known, one can easily integrate the Tolman-Oppenheimer-Volkoff (TOV) equations to extract the geometrical information of a star. For example, linear EOS was used by Ivanov [30] for charged static spherically symmetric perfect fluid solutions. This situation has been extended by Sharma and Maharaj [31] for finding an exact solution to the Einstein field equations with an anisotropic matter distribution. In Ref. [32] , Herrera and Barreto had considered polytropic stars with anisotropic pressure. Solutions of Einstein's equations for anisotropic fluid distribution with different EoS have been found in [23, [33] [34] [35] [36] [37] . But, in case EoS of the material composition of a compact star is not yet known except some phenomenological assumptions, one can introduce a suitable metric ansatz for one of the metric functions to analyze the physical features of the star. Such a method was initially proposed by Vaidya-Tikekar [38] and Tikekar [41] , prescribed an approach of assigning different geometries with physical 3-spaces (see [42] [43] [44] [45] and references therein). Similar type of metric ansatz was considered by Finch and Skea [46] satisfying all criteria of physical acceptability according to Delgaty and Lake [47] . As a consequence, problem of finding the equilibrium configuration of a stellar structure for anisotropic fluid distribution have been found in [48] [49] [50] .
In the present paper, we consider fairly general Buchdahl ansatz [1] for the metric potential. Such an assumption makes Einstein's field equations tractable and cover almost all physically tenable known models of super dense star. Actually, Vaidya and Tikekar [38] particularized Buchdahl ansatz by giving a geometric meaning, prescribing specific 3-spheroidal geometries for 4 dimensional hypersurface. This spheroidal condition has been found very useful for finding an exact solution of the Einstein field equations, which is not easy in many other cases. Such particular assumption was considered by Kumar et al [51, 52] , and comprehensively studied charged compact objects for isotropic matter distribution.
Our aim here is to extend the range of Buchdahl dimensionless parameter K (a measure of deviation from sphericity) to explore a particular well behaved class of spherically symmetric anisotropic fluid spheres. In our model, we do not prescribe the EOS; rather we use some useful simple transformation to solve the entire system of equations. We will study the mass-to-radius ratio and gravitational redshift in this scenario as well. The main purpose of this work is precisely to explore massive stellar objects like massive pulsars, super-Chandrasekhar stars and magnetars, namely, LMC X-4, SMC X-1, EXO 1785-248, SAX J1808.4-3658(SS2), Her X-1, 4U 1538-52, PSR 1937+21 and Cen X-3.
The paper begins with the introduction in Sec. II, then we introduce the relevant Einstein equations for the case of spherical symmetry static spacetime in standard form of Schwarzschild-like coordinates. In the same section we assume anisotropic pressure in the modeling of realistic compact stellar structures. In Sec. IV we derive the field equations by using coordinate transformation and found eight possible solutions for positive and negative values of Buchdahl parameter K. In Sec. IV, we discuss junction conditions and determine the constant coefficient. Sec. V, includes detailed analysis of physical features and obtained results are compared with data from observation. Concluding remarks have been made in Sec. VI.
II. GENERAL RELATIVISTIC EQUATIONS
Let us consider the spacetime being static and spherically symmetric, which describes the interior of the object can be written in the following form
where the coordinates (t, r, θ , φ ) are the Schwarzschild-like coordinates and ν(r) and λ (r) are arbitrary functions of the radial coordinate r alone, which yet to be determined. The Einstein tensor is G µν = R µν − 1 2 g µν R, with R µν and g µν being respectively the Ricci and the metric tensors, and R being the Ricci scalar ( with the assumption of natural units G = c = 1).
Here, we consider the matter contained in the sphere is described by anisotropic fluid. Thus, the structure of such an energymomentum tensor is then expected to be of the form
where u µ is the four-velocity and χ µ is the unit spacelike vector in the radial direction. Thus, the Einstein field equation, G µν = 8πT µν provides the following set of gravitational field equations
where the prime denotes a derivative with respect to the radial coordinate, r. Here, ρ is the energy density, while the quantities p r is the pressure in the direction of χ ν (radial pressure) and p t is the pressure orthogonal to χ ν (transversal pressure). Note that pressure isotropy is not required by spherical symmetry, it is an added assumption [13, 53] . Consequently, ∆ = p t − p r is denoted as the anisotropy factor according to Herrera and Leon [54] , and it's measure the pressure anisotropy of the fluid. It is to be noted that at the origin of the stellar configuration ∆ = 0, i.e. p t = p r = p is a particular case of an isotropic pressure. Using Eqs. (4) and (5) , one can obtain the simple form of anisotropic factor, which yield
However, a force due to the anisotropic pressure is represented by ∆/r, which is repulsive, if p t > p r , and attractive if p t < p r of the stellar model. For the considered matter distribution when p t > p r allows the construction of more compact objects, compared to isotropic fluid sphere [55] . Note that this is a system of 3 equations with 5 unknowns. Thus, the system of equations is undetermined, and by assuming suitable conditions we have to reduce the number of unknown functions.
III. EXACT SOLUTION OF THE MODELS FOR ANISOTROPIC STARS
In this section we establish a procedure for generating a new anisotropic solution of the Einstein field equations from a known metric ansatz due to Buchdahl [1] that covers almost all interesting solutions. We use the widely studied metric ansatz given by
where K and C are two parameters which characterize the geometry of the star. Here, we will illustrate how an analytic Buchdahl model could be extendable for positive and negative values of spheroidal parameter K. In the following analysis we pull out the range of 0 < K < 1, where either the energy density or pressure will be negative depending on the two parameters. It is interesting to note that one can recover the Schwarzschild interior solution when K = 0 and for K = 1 the hypersurfaces {t = constant} are flat. In a more generic situation, one could recover the Vaidya and Tikekar [38] solution when C = −K/R 2 . The solutions for charged and uncharged perfect fluid were considered by Gupta et al. [39, 40] , but none of them were well behaved within the proposed range of parameter K. However, in the present study we obtain the well behaved solution for some values of K by introducing anisotropy parameter ∆, which provides monotonically decreasing sound speed within the compact stellar model. As a next step in our analysis we introduce the transformation e ν = Y 2 (r) [51, 52] , and substituting the value of e λ into the Eq. (6), one arrives in the following relations
The Eq.(8) having two unknowns namely Y and ∆. For this purpose, we input physically valid expression of anisotropic factor [56, 57] (which ensure the regularity at the centre of the star), and appropriate transformation Z = K+Cr 2 K−1 to convert the Eq. (8) into hypergeometric differential equation of the form
Our aim here is to solve the system of the above Hypergeometric Equation (9) by using Gupta-Jasim [40] two step method. In this framework we consider two cases for the spheroidal parameter K
The solution of Eq.(9) with respect to Z and use another substitution Z = sin x and dY dZ = ψ, then we have
respectively. In this approach the above equation turns out to be a second order homogeneous differential equation with constant coefficients, and depends on the two parameters K and ∆ 0 . It is now interesting to classify the each solutions of Eq.(10) briefly
Now, using (7) into the (3) from which simple manipulations of the Einstein equations lead to the expression of energy density (K < 0) as
Subsequently, other EFEs relating to the metric potential and substituting different values of Y (which is determined by
Case Ib: 2 − K + ∆ 0 K = n 2 ( = 1)
Case Ic:
Case Id:
where
Here, we extend our analysis by considering the positive values of K and to solve the Eq. (9) we adopt a similar approach to differentiate the Eq. (9) with respect to Z. For this purpose we use another substitution Z = cosh x (hyperboloidal case) and dY dZ = ψ, equation (9) takes the form 2 , respectively. To solve the second order homogeneous differential equation (25) we consider the following cases
Recalling the Eq. (7) and plugged into the relevant equation we obtain the expression of energy density (K > 1) as
Now proceeding as same for K < 0, we consider the following cases for K > 1, and pressure components can be developed as follows:
Case IIb:
Case IIc:
, and we have the set of four solutions corresponding to the positive and negative values of K. Following the standard procedure for obtaining a stellar model one usually impose some conditions. It should be expected that following conditions satisfy throughout the stellar interior:
• The interior solution goes up to a certain radius R, where the spacetime is assumed not to possess an event horizon,
• Positive definiteness of the energy density and pressure at the centre,
• The density should be maximum at centre and decresing monotonically within 0 < r < R i.e. The density gradient dρ/dr is negative within 0 < r < R,
• The pressure should be maximum at centre and decresing monotonically within 0 < r < R i.e. The pressure gradient d p/dr is also negative within 0 < r < R.
• The ratio of pressure and density should be less than unity within 0 < r < R i.e. p/ρ should lies between 0 to 1 within the stellar model.
To proceed, the developed model is regular, well-behaved and capable of describing realistic stars, we illustrate all of this with the help of graphical representations as shown in Figure ( candidates LMC X-4, SMC X-1, EXO 1785-248, SAX J1808.4-3658(SS2), Her X-1, 4U 1538-52, PSR 1937+21, Cen X-3 and SAX J1808.4-3658. As a result for some chosen parameter values ( as mentioned in the caption of the (1) we have plotted the radial variation of pressure and density of anisotropic compact objects. Analyzing the Table II . one may observe that maximally allowable mass-to-radius ratio for anisotropic fluid sphere falls within the bound proposed by Buchdahl [1] , though he proposed for isotropic fluid sphere. Moreover, it is noted that the pressure and density are maximum at the center and monotonically decreasing towards the boundary for different compact stars as evident in (1) . Form Fig. (2) , we observe that ratio of pressure and density is less than unity within the compact stars.
IV. EXTERIOR SOLUTIONS
To proceed further, the interior spacetime metric (1) should be matched with the Schwarzschild exterior solution at the boundary of the star (r = R). In principle the radius R is a natural parameter, where the radial pressure vanishes i.e. p r (R) = 0. The exterior vacuum solution is then given by the Schwarzschild metric
where M is the total mass of the gravitational system and it's given by
At this stage the interior solution must be matched to the vacuum exterior Schwarzschild metric. We match two spacetimes across the boundary surface using the Darmois-Israel formalism [58] , which are tantamount by the following two conditions 
Now, using the conditions (42) and (43), we can fix the values of arbitrary constants. Thus, boundary condition provides a full set expressions for arbitrary constant A 1 to H 1 (when K < 0) and A 2 to H 2 (when K > 1) as follows:
Case Ic
We shall now use the general relativistic effect of gravitational redshift by the relation z S = ∆λ /λ e = λ 0 −λ e λ e , where λ e is the emitted wavelength at the surface of a nonrotating star and λ 0 is the observed wavelength received at radial coordinate r. In the weak-field limit, gravitational redshift from the surface of the star as measured by a distant observer (g tt → −1), is given by where g tt (r) = e ν(R) = 1 − 2M R is the metric function. It was shown earlier by Buchdahl [1] , that for spherically symmetric distribution of a prefect fluid the gravitational redshift is z s < 2. However, different arguments have been put forward for the existence of anisotropy star models which turns out to be 3.84, as suggested by [59, 60] . On the other hand, in studying general restrictions for the redshift for anisotropic stars, Bohmer and Harko [61] showed that this value could be increased up to z s ≤ 5, which is consistent with the bound z s ≤ 5.211 obtained by Ivanov [30] . We perform the whole calculations for redshift of the enlisted compact objects by taking the same values, which we have used for graphical presentation Fig. 1 . We are mostly interested bounds on surface redshift for spherically symmetric stellar structures and our results are quite satisfactory.
V. PHYSICAL FEATURES OF ANISOTROPIC MODELS
We now study physical properties of the stellar configuration made up of anisotropic fluids by performing some analytical calculations. We analyzed the stability problem by considering modified Tolman-Oppenheimer-Volkoff (TOV) equation and checking the causality conditions within the fluid. With these one can determinate the value of the speed of sound across a given star. Finally, we investigate the type of compact objects that might arise from these solutions and to restrict the model arbitrariness.
A. Causality condition
In addition to the positivity of density and pressure profiles, we shall pay special and particular attention to the condition of bounding sound speeds (radial and tangential direction) within the matter distribution. In essence of this we fix c = 1, and investigate the sound speed for anisotropic fluid distribution. It is obvious that the velocity of sound is less than the velocity of light i.e. 0 < v 2 r = d p r /dρ < 1 and 0 < v 2 r = dt r /dρ < 1. The stability of fluid sphere with internal pressure anisotropy was also probed by Herrera [62] and his collaborators. Here, we consider the Case I & II separately, and the expression for velocity of sound as follows:
Case Ia:
where N 1 = 4 (n 2 +1) tan x K (1−K) cos 2 x A 1 cosh(n x)+B 1 sinh(n x) B 1 n cot x) + sinh(n x) (A 1 n cot x + B 1 ) A 1 n sinh(n x) + B 1 n cosh(n x) − A 1 cosh(n x) + B 1 sinh(n x) n sinh(n x)( A 1 + B 1 n cotx ) − B 1 cosh(n x) n csc 2 x + n cosh(n x)( A 1 n cotx + B 1 ) − n sinh(n x) csc 2 x ,
Case Ib:
− nC 1 sin(n x) + D 1 n cos(n x) − C 1 cos(n x) + D 1 sin(n x) − nC 1 sin(n x) + D 1 n cos(n x) + n csc 2 x C 1 sin(n x) − D 1 cos(n x) − n cotx C 1 n cos(n x) + D 1 n sin(n x) ,
where N 4 = 2 (2−cos 2 x)
Case IIa:
where N 5 = −4 (n 2 +1) cosh x K (K−1) sinh 3 x A 2 cos(n x)+B 2 sin(n x) A 2 cos(n x)+B 2 sin(n x)+n tanh x A 2 sin(n x)−B 2 cos(n x)
L 5 = A 2 cos(n x) + B 2 sin(n x) + n tanh x A 2 sin(n x) − B 2 cos(n x) − A 2 n sin(n x) + B 2 n cos(n x) − A 2 cos(n x) + B 2 sin(n x) − n A 2 sin(n x) + B 2 n cos(n x) + n sec h 2 x A 2 sin(n x) − B 2 cos(n x) + n tanh x A 2 n cos(n x) + B 2 n sin(n x) , M 5 = A 2 cos(n x) + B 2 sin(n x) + n tanh x A 2 sin(n x) − B 2 cos(n x) ] 2 ,
Case IId:
where N 8 = −2 (1+cosh 2 x)
In this analytical approach, we use the graphical representation to represent the velocity of sound due to complexity of the expression. Considering all expressions for both cases 1 & 2, we have plotted Fig. 4 . On the top of the Fig. 4 we plot for radial and transverse velocity of sound when K < 0, and K > 1 for compact star candidates LMC X-4, SMC X-1, EXO 1785-248, SAX J1808.4-3658 (SS2), Her X-1, 4U 1538-52, PSR 1937+21, Cen X-3 and SAX J1808.4-3658. Our investigation shows that our equation of state for anisotropic matter satisfies the causality condition. Form Fig. 4 , it is interesting to note that the velocity of sound is decreasing for the stars: EXO 1785-248 (case Ia), PSR 1937+21 (case IIa), 4U 1538-52 (case Ic), LMC X-4 (case Ic), SAX J1808.4-3658 (case Ic) and increasing for SMC X-1 (case Ia) Her X-1 (case IIa), Cen X-3 (case IIa), SAX J1808.4-3658 (case IId) towards the boundary which implies that our solution is well behaved for above cases. The decreasing features of the velocities are appearing in the present compact star model due to presence of anisotropy only because velocity of sound is not decreasing for Buchdahal metric in charged as well as uncharged perfect fluid solution [39, 40] . Now, we focus on investigation of energy conditions and hydrostatic equilibrium for compact stars in accordance to their mass and radius ratio.
B. Adiabatic index
For a specific energy density, the rigidity of the EOS can be described by the adiabatic index. On the other hand, adiabatic index also characterize the stability of relativistic as well as non relativistic compact star models. Following the work of Chandrasekhar [63] , Many authors [64] [65] [66] [67] have discussed the dynamical stability of the stellar system against an infinitesimal adiabatic perturbation corresponding to radial pressure. For any dynamically stable stellar system, Heintzmann and Hillebrandt [68] have suggested that the radial adiabatic index must be more than 4 3 at all interior points of the compact star. The radial adiabatic index γ r in our system is given as The graphical representation of radial adiabatic index is given by the Fig.(5) . For this figure it the clear that value of adiabatic index corresponding to radial pressure is more than 4/3 at all interior point for each different compact star model.
C. Energy Conditions
Here we analyze the energy conditions according to relativistic classical field theories of gravitation. In the context of GR the energy conditions are local inequalities that process a relation between matter density and pressure obeying certain restrictions. Many plausible physical constraints have been proposed, such as positive mass theorem [69] , censorship theorem [70, 71] , singularity theorems [72] , and various constraints on black hole surface gravity [73] , but perhaps the most important and farreaching applications are the energy conditions. There are several different ways to formulate the energy conditions, but we will focus here only on (i) the Null energy condition (NEC), (ii) Weak energy condition (WEC) and (iii) Strong energy condition (SEC). In summary -
WECr : ρ + p r ≥ 0, and ρ(r) ≥ 0,
WECt : ρ + p t ≥ 0, and ρ(r) ≥ 0, (62c) We derive precisely all the forms of energy conditions for both cases by plugging the values of energy density 12 and respective pressure equations. The resulting graph Fig. 6 shows that all the inequalities hold simultaneously for the sources considered here.
D. Generalized TOV equation
The Tolman-Oppenheimer-Volkoff (TOV) equation is used to constrains the structure of a spherically symmetric body (both isotropic and anisotropic fluid models) that is covered regarding stars in hydrostatic equilibrium. Here, we start by explaining different forces, namely, gravitational, hydrostatic and anisotropic forces, respectively. The governing generalized-TOV equation for anisotropic fluid distribution, given by [74, 75] −
where M G is the effective gravitational mass inside the fluid sphere of radius 'r', and defined by
Now, plugging the value of M G (r) in Eq. (63), we get
The above TOV equation describes the equilibrium condition for anisotropic fluid spheres subject to gravitational, hydrostatic and anisotropic force due to the anisotropic pressure. Combining all forces we have the following form
Now, we start by explaining the Eq. 66 from an equilibrium point of view, where three different components are gravitational (F g ), hydrostatic (F h ) and anisotropic (F a ) forces, respectively with the following expression
Here, the anisotropy force (F a ) takes the following form for both cases I and II, which turns out to be Case I : F a = ∆ 0 (K − 1) sin 2 x − K (K − 1) 2 cos 4 x and Case II :
and the other components are written in an explicitly form Case Ia:
Case IIC:
In order to evaluate equilibrium conditions, the hydrostatic equilibrium diagrams obtained for the eight different compact stars which are shown in Fig. (7) . From a mathematical point of view, one can see form Fig. (7) that the gravitational force (F g ) is dominating over the hydrostatic (F h ) and anisotropic (F a ) forces.
VI. FINAL REMARKS
In this paper we study compact objects in hydrostatic equilibrium making use of Buchdahl ansatz [1] representing a static spherically symmetric anisotropic stellar configuration. The main catch point is an extendable analytic solution for positive and negative values of spheroidal parameter K. To make the set of equations more tractable, we set a transformation which is closer to the Durgapal and Bannerji [81] together with the choice of an anisotropy function ∆ inspired by a prescription of Lake [82] , we have generated eight different exact solutions. The interior geometry is characterized by mainly three parameters, namely, K,C, n which are used to obtain different stellar models.
In next, we match the interior solution to an exterior vacuum Schwarzschild spacetime on the boundary surface r = R, and from the comparison of both side metrics, all constants are determined which are enlisted in Table I . In particular, we have demonstrated that the radii and masses measurements for the eleven observed compact stars namely, EXO 1785-248, SMC X-1, SAX J1808.4-3658 (SS2), Her X-1, 4U 1538-52, LMC X-4, SAX J1808.4-3658, PSR 1937+21, Cen X-3, 4U 1538-52, and SAX J1808.4-3658. It could additionally restrict the arbitrary chosen constant parameters and the nature of the stars has been discussed using values of these constants.
As a next step, we study anisotropy affects physical properties of the stars, such as: energy density, radial and tangential pressures, and plotted graphs using these constants in Fig. 1 for the aforesaid compact star candidates with respect to radial distance r Km. From figures it confirms that density and pressures are positive, and remain finite in the interior of stars. Moreover, energy density attends its maximum value at the centre of stars and central densities close to the order of ∼ 10 14 . Interestingly, this limit is consistent with the argument of Ruderman [11] for anisotropic energy momentum tensor. To refine the model further, we have analyzed mass-radius (M-R) relationship, generalised TOV equations, the surface redshift and energy conditions. The obtained mass-radius ratio for anisotropic compact objects are consistent with the Buchdahl's [1] bound, though he proposed for isotropic object for which the energy density is non-increasing outwards the boundary. The obtained results help further understanding of the maximum possible mass and surface redshift parameters of compact stars in Table III .
We have also studied the stability of the configurations with respect to generalized-TOV equation and found the equilibrium configuration where the gravitational force (F g ) is dominating over the hydrostatic (F h ) and anisotropic (F a ) forces, as seen from 
